Goli dictyosomal membranes isolated from pea (Pisum sativum) stem tissue, using a combination of rate zonal and isopycnic sucrose density centrifugation, were shown to bear cytidine diphosphate-choline:diglyceride phosphorylcholinetransfenrse, CDP-ethanolamine:diglyceride phosphorylethanolaminetransfenrse, and CTP:phosphorylcholine cytidyltransferanse activities. Although the majority of the activity of the phospholipid-synthesizing enzymes was assocated with the endoplasmic reticulum, the activity found in the Golgi system was about 25% of the total activity. These results suggest that Golgi dictyosomes probably synthesize at least part of the membrane phospholipids that they may need for their secretory function and for dictyosomal proliferation during ceil growth, rather than importing this material entirely from the endoplasmic reticulum.
The endoplasmic reticulum (ER)3 is currently regarded as the principal or exclusive cellular site of synthesis of major membrane phospholipids such as lecithin, phosphatidylethanolamine, and phosphatidylinositol (8, 19, 29) . In accordance with this, the Golgi system has often been supposed to import from the ER the lipid that is needed for membrane proliferation to produce secretory vesicles (3, 19, 20, 22, 23) . Enzymes for phospholipid synthesis have been held to be absent from Golgi membranes of animal cells (1, 6, 30, 31) , but there are reports indicating the presence, in the Golgi of some cells, of certain phospholipidbiosynthetic enzymes (9, 30, 32) . Regarding plant cells, work on castor bean endosperm has shown that phospholipid-biosynthetic enzymes are confined to the ER (2, 11, 13, 17) , while in other plant tissues, the activities have been found in microsomal fractions that are presumed to include ER membranes (8, 15, 16, 27) .
Morre et al. (21) presented evidence that in onion some of the phosphorylcholine cytidyltransferase, which produces the lecithin precursor CDP-choline, may be found in Golgi membranes, suggesting a possible direct involvement of the Golgi system in phospholipid biogenesis. The synthetases for lecithin or other phospholipids have not heretofore been detected in plant Golgi membranes. I Supported by a grant to P. M. R. from the National Science Foundation. 2 In the present work, we have examined the subcellular distribution in pea tissue of enzymes for biosynthesis of lecithin and phosphatidylethanolamine, using methods (25) ml of cold 5 % trichloroacetic acid and the sample was centrifuged at 10OOg for 5 min. To a 5-ml aliquot of the supernatant, 2 ml of a 10 mg/ml suspension of Norit A charcoal was added. This mixture was allowed to stand for 10 min, with resuspension of the charcoal every 2 min. Then the mixture was centrifuged at 10OOg for 5 min, the charcoal was washed four times with 5-ml portions of water followed by recentrifugation, and finally was resuspended in 0.5 ml of 95% ethanol and poured onto a planchet. After transferring residual charcoal from the assay tube to the planchet with an additional 0.5 ml of 95% ethanol, the charcoal was dried and its radioactivity was counted at about 40% efficiency using a Nuclear-Chicago gas flow counter. Phosphorus and Protein Determinations. Lipid phosphorus in aliquots of the CHC13:methanol extracts was determined by the method of Rouser et al. (26) . Protein in gradient fractions was determined by the method of Lowry et al. (14) after precipitation with cold 10% trichloroacetic acid.
RESULTS
Occurrence and Lability of CDP-choline:diglyceride Phosphorylcholinetransferase (CGT) in Pea. Preliminary tests showed that CGT activity could be detected in particulate fractions from pea tissues, but not in the soluble fraction. As in other plant systems, CGT activity was strongly dependent upon addition of Mg2+, with a broad optimum around 10 mm (Fig. IA) . Mn2+ at 2 mm gave two-thirds as much activity as optimal Mg2+. In exploratory density gradient centrifugations, only a small percentage of the CGT activity of crude particles could be recovered. This was traced to instability of CGT in the trisbuffered media used in previous procedures for isolating Golgi membranes (25) . Figure (25) . Figure 2 shows the rate zonal distribution of CGT, of turbidity, and of several marker enzymes: Cyt oxidase for mitochondria, NADH:Cyt c reductase for ER (4, 13, 17), and UDPG:,3-glucan glucosyl transferase (,8-glucan synthetase, assayed at low UDPG concentration) for Golgi dictyosomal membranes (25) . The majority of the CGT activity sediments slowly like the ER marker, but activity extends as a low shoulder across the zone where the Golgi membrane peak occurs; very little activity is found in the mitochondrial zone.
Activities in the microsomal zone (zone I, Fig. 2 ) and the Golgi zone (zone II) were characterized by subsequent isopycnic centrifugation into a gradient of higher sucrose concentration.
Zone I CGT activity peaks (Fig. 3A) at about 26% sucrose (density 1.11 gcm-3) and its distribution is coincident with that of NADH:Cyt c reductase. These features are known to be characteristic for ER membranes of this and similarly behaving tissues, when prepared in low Mg2+ homogenization media that strip the ribosomes from the ER (13, 17, 24, 28) . Zone I activity, therefore, represents CGT associated with the ER.
Zone II CGT activity peaks sharply instead at 30 to 32%
sucrose (density about 1.14 g cm-3) (Fig. 3B) , as is characteristic of Golgi dictyosomal membranes from this tissue (25) ; almost no activity occurs at26% sucrose where zone I activity has its peak. (25) . The membrane material that is obtained by taking the peak of IDPase or f3-glucan synthetase activity from gradients prepared by rate zonal followed by isopycnic centrifugation as in Fig. 3B has been shown to consist of Golgi dictyosomal cisternae (25) .
As seen in data summarized in the total CGT activity that is recovered in these fractionations is associated with dictyosomal membranes. A similar value can be estimated from the CGT distribution in rate zonal centrifugation (Fig. 2) , when allowance is made for the presence of some Golgi membrane material in the zone I region.
The time course of the CGT reaction obtained with isolated Golgi membranes is linear and the reaction, like that of the ERbound enzyme, is totally dependent on addition of Mg2+ (data not shown). The CGT reaction using Golgi membranes yielded a product most of which co-chromatographed, as expected, with phosphatidylcholine (data not presented). CGT evidently uses endogenous diglycerides within the membranes as a phosphorylcholine acceptor, as is true of other plant systems (5, 7, 11, 15, 16) . Some of the incorporation product remained at and near the origin of the chromatogram, which might be due to partial deacylation of lecithin during incubation or isolation.
Behavior of CGT in High Mg2+ Media. The association of CGT with both ER and Golgi membranes was tested further by preparing and centrifuging particles in media containing 3 mm Mg2+, which maintains the binding of ribosomes to the RER and shifts the isopycnic density of ER membranes to a much higher value than when the ribosomes have been stripped off (13, 24, 28) . Conforming with this, the isopycnic distribution of both CGT and NADH:Cyt c reductase from zone I (Fig. 4A) Figure 3 except that homogenization and gradient media contained 3 mM MgCl2. Assays were similar to those in Figure 3 . Cyt oxidase was also assayed in fractions of the zone II gradient, and showed a sharp peak at 40.5% sucrose (data not given).
material that occurs in this density zone in gradients prepared by the same procedure as in Figure 4A consists, as expected from previous experience with this and other tissues (13, 28) , largely of ribosome-studded vesicles (Ray et al., unpublished results) . These observations confirm the conclusion that zone I CGT activity is borne by RER membranes.
In high Mg2+ the isopycnic distribution of the Golgi membrane marker, IDPase, from zone II (Fig. 4B) is essentially the same as in low Mg2+ preparations (Fig. 3B) , as expected from the fact that Golgi are smooth membranes. In high Mg2+, a peak of CGT activity again occurs along with the IDPase peak at 30 to 32% sucrose in the zone II isopycnic gradient (Fig. 4B) . This confirms the association of CGT with Golgi membranes. However, in the high Mg2+ gradient from zone II, a second peak of CGT activity is seen at higher density in the region where the small amount of NADH:Cyt c reductase that occurs in this gradient has its peak (Fig. 4B) , due presumably to the RER microsomes that sediment into zone II during rate zonal centrifugation of high Mg2+ preparations.
Distribution of CDP-ethanolamine:diglyceride Phosphorylethanolaminetransferase (EGT). EGT activity from zone I coincided, in isopycnic centrifugation, with the ER marker (Fig.  5A) , as did CGT. Figure 5B shows that EGT activity from zone II peaks, like CGT of zone II, with the Golgi marker IDPase. These results are not surprising in view of evidence that indicates that CGT and EGT activities may be due to one and the same enzyme (10, 15) . The results with EGT provide separate experimental evidence that part of the phospholipid synthetase activity of pea cells is localized to their dictyosomal membranes. The data given in Table I indicate that about one-quarter as much EGT activity is associated with dictyosomal as with ER membranes from this tissue.
Plant Physiol. Vol. 59, 1977 Distribution of CTP:phosphorylcholine Cytidyl Transferase (CCT). This enzyme, which catalyzes the reaction forming CDPcholine from CTP and phosphorylcholine, in other words forms the substrate for phosphorylcholineglyceride transferase, was also assayed on isopycnic gradients of rate zonal zones I and II. The data in Figure 6B clearly show a coincidence of CCT activity and IDPase activity from zone II at about 32% sucrose, indicating that the dictyosomal membranes possess CCT activity. Figure 6A shows that CCT activity from zone I, unlike CGT and EGT examined above, gives a profile that is not coincident with the ER membrane marker, but peaks at about 30% sucrose (density 1.13 g cm-3 ).
DISCUSSION
In agreement with the generally prevalent view regarding animal and plant cells, it is clear from the results that the majority of the synthetic activity for lecithin and phosphatidylethanolamine is localized in the ER membranes of pea cells. Actually, this generally prevailing view seems to have been rigorously established heretofore only for one plant tissue, the nongrowing cells of the castor bean endosperm (13, 17) . With the few other plant systems that have been studied, the evidence is merely that phospholipid synthetase activity is predominantly microsomal, which shows that it is not principally mitochondrial or nuclear but does not distinguish ER from other cellular membranes such as plasma membranes and the Golgi system. Therefore, the detection of ER localization of phospholipid synthetase activities in growing cells of pea significantly substantiates and extends the concept that phospholipid synthesis for membrane proliferation is primarily a function of the ER. It is absolutely clear from the results presented that a significant fraction of the phospholipid synthetase activity of pea cells is found on their Golgi dictyosomal membranes. On a protein basis, the specific activity of CGT and EGT is somewhat higher in Golgi membranes than in ER membranes (Table I) .
These results suggest that instead of importing all of its phospholipids from the ER, the Golgi system may be partly or completely autonomous for at least the terminal step in the production of major phospholipids needed for membrane proliferation involved in the generation of dictyosomal cisternae and in secretion via Golgi vesicles. In vivo labeling experiments with onion have suggested support for the concept of Golgi autonomy for phospholipids (18) . Short (2 min) pulse-labeling of pea tissue with radioactive glycerol, which we shall report in detail elsewhere along with longer term and chase experiments on lipidlabeling, agrees with the foregoing in indicating that the phospholipids of Golgi membranes become labeled as rapidly as do the phospholipids of the ER.
Reasons why Golgi localization of phospholipid synthetic activities was not detected in the extensive work on castor bean endosperm (11) (12) (13) 17) may be that: (a) the procedures were not designed to separate Golgi membranes distinguishably from the ER which bears the bulk of the activity; and (b) castor bean endosperm is a nonsecretory tissue in which the Golgi system is virtually lacking (T. Moore, personal communication).
Our results also show Golgi localization in pea of a minor part of the cytidyltransferase activity (CCT) that produces CDPcholine from phosphorylcholine and CTP. The remainder of this enzyme was clearly not localized to the ER membranes that bear the phospholipid synthetase activities discussed above. A similar situation was encountered in castor bean endosperm by Lord et al. (12) . They have not identified the membranes responsible for this activity. The buoyant density of these castor bean membranes was lower (1.08) than that of the ER membranes that bear CGT and EGT activity, which is opposite to the relationship we observe for these respective kinds of particulate enzymes in the microsomal fraction of pea. The distribution of CCT somewhat resembles that known for free, Golgi-derived vesicles in pea cells (Ray et al., unpublished) , but could conceivably represent instead a special class of ER and, like the castor bean membranes that bear CCT, cannot at present be conclusively identified.
